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METHEMOGLOBIN REDUCTION IN THE
PRESENCE OF VARIOUS CONCENTRATIONS
OF OXYHEMOGLOBIN
ALIMANSOURI
John L. McClellan Memorial Veterans Hospital
Little Rock, AR 72205
ABSTRACT
Methemoglobin reduction in human red blood cell is governed by many factors, one of which is the
concentration of oxyhemoglobin. Experiments were conducted to determine the inhibition of methemoglobin
reduction by oxyhemoglobin under concentrations approaching those in the red cell. Hemoglobin,
methemoglobin reductase and cytochrome b5 were prepared by routine protein purification methods.
Methemoglobin reduction was carried out at 37 C C in spectrophotometer. Itis shown that methemoglobin
concentration variation (at least when itis above 1 mM) does not change the reduction rate. Whereas,
the ratio of methemoglobin to oxyhemoglobin determines the rate of methemoglobin reduction when all
other factors remain constant. Itis concluded that in the red blood cell, significant increase of methemoglobin
concentration alters the ratio of methemoglobin to oxyhemoglobin which in turn accelerates methemoglobin
reduction.

INTRODUCTION
Hemoglobin (Hb-Fe 2t ) inside the human red blood cell is continuously oxidized to methemoglobin (Hb-Fe 3 + ). Inorder to restore
the hemoglobin oxygen carrying capacity, the methemoglobin has to
be reduced continuously to hemoglobin.
The major methemoglobin reducing system in the red cell, under
physiological conditions, is the NADH-dependent methemoglobin reductase (cytochrome b, reductase or diaphorase I) (Hultquist, 1978;
Schwartz et al., 1983). Activity of this reductase is maximal at a pH
between 5 and 6. At the red cell pH which is about 7.2, the
methemoglobin reduction rate is suboptimal. In addition, the presence
of large amounts of oxyhemoglobin in the red cell significantly inhibits
the reduction of methemoglobin (Mansouri, 1979). Previous work concerning methemoglobin reduction has been carried out with dilute
methemoglobin solutions. This work was designed to explore the effect of various concentrations of oxyhemoglobin on methemoglobin
reduction under near physiological heme concentration.

MATERIALS AND METHODS
Reduced nicotinamide adenine dinucleotide ((3-NADH), bis-tris,

2,6-dichlorophenolindophenol and pancreatin (Sigma Chemical Company, St. Louis, MO), Inositol hexaphosphate (IHP)(PL-Biochemicals,
Inc., Milwaukee, WI) and Bio-Rex 70 (Bio-Rad Laboratory, Richmond,
CA) were used in this study.
Hemoglobin A was purified according to the following procedure.
Fresh human red cells were obtained by venisection. After separation
of plasma by centrifugation, the red cells (about 15 mis) were washed

three times with 0.15 M NaCl solution at 4°C. The red cells were
hemolysed by the addition of four volumes of cold distilled water per
volume of red cells. After 30 minutes incubation at 4°C, the red cell
stroma were separated by centrifugation at 40,000 g. The supernatant
(hemolysate) was extensively dialyzed against 0.01 Msodium phosphate
buffer, pH 6.8 containing 10 4M ethylendiaminetetraacetic acid
(EDTA). After equilibration of pH, the hemolysate was applied on a
2 x 50 cm CM-Sephadex column equilibrated with the same buffer
(Winterhalter and Huehns, 1964).
Methemoglobin was prepared by the addition of 0.1 ml of 60 mM
solution of potassium ferricyanide (KjFe[CN] 6 ) per 0.9 ml of 4 mM
solution of oxyhemoglobin, pH 6. In this way the molar ratio of ferricyanide/heme in the final solution was 1.5. This solution was incubated
at 10°C for 30 minutes (Antonini and Brunori, 1971). Absorbtion spectra

were obtained between 500-700 nm to ascertain the complete oxidatio
of heme iron by demonstration of characteristic methemoglobin spec
trum with its absorbtion maxima at 500 and 631 nm. Hemoglobin anc
methemoglobin solutions were dialyzed in 0.0125 M bis-tris, pH 6 a
4°C. The solutions were then ultrafiltered in an Amicon cell (Amico
Corp., Lexington, MA) to achieve heme concentration of about
mM/1.These solutions were further concentrated to about between 1
and 20 mM/1 of heme (4-5 mM/1 of hemoglobin) by application o
gentle vacuum (200 mT). These concentrations are similar to hemoglobi
concentration in the red cell which is about 20mM/l in heme or 5 mM/
in hemoglobin.
NADH-dependent methemoglobin reductase was purified by th
method of Sugita et al. (1971) except that the prcoedure was halted wit
G-75 Sephadex gel filtration step. 2,6-Dichlorophenolindophenol wa
used as substrate for screening the purity of enzyme solutions (Kum
and Inomata, 1972). Only the purest fraction eluted from the G-7
Sephadex column (2000 fold pure) was used. The protein in this solu
tion which consists mainly of the enzyme was measured by the methoc
of Lowry et al. (1951). The pH optimum (5.1), stability, NADH specificity and the Km (4.7 x 10 4M) of this enzyme for its effect of
methemoglobin at pH 6 were similar to these conditions reported by
Sugita et al. (1971).
Cytochrome b, was prepared from pig liver. Briefly, liver was perfused with isotonic phosphate-saline buffer. It was then homogenized
and centrifuged at 1500 g for 10 minutes to remove the debris. The supernatant was removed and centrifuged at 40,000 g for 30 minutes. The
supernatant was acidified with acetic acid to pH 5.4 and centrifuged
at 40,000 g for 30 minutes. The pellet obtained contains most of the
microsomal fraction (Poltoratsky-Bois and Chaix, 1964). The pellet obtained from this procedure was resuspended in isotonic phosphate
butfer-saline pH 7.4 and was incubated with pancreatin (4 mg/ml) at
4°C for five days. This suspension was then centrifuged at 100,000 g.
The supernatant containing the cytochrome b5 was concentrated in an
Amicon cell. It was then dialyzed against 0.05 Mphosphate buffer pH
6.6 and applied on a Bio-Rex 70 column. The eluant was passed through
a column of Sephadex G-50. The eluant of this column containing the
cytochrome b5 was concentrated, dialyzed in 0.005 M phosphate buffer pH 7.4 and was lyophilized. The concentration of cytochrome b<
was determined by light absorption at 413 mm (cytochrome b s extinction coefficient = 115).
Experimental procedure: Seventy-five /tl of 20 mM methemoglobin
solution and 75 /tl of 20 mM hemoglobin solution were pipetted with
micropipettes and added to 1.350 ml of 0.05 M bis-tris buffer pH 6.
The methemoglobin and hemoglobin concentrations of this final solu-
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ITable 1. Methemeglobin reduction rate (1 x 10 3 jtMmm ' [arithmetic
I
mean ± average error]) for 3 different methemoglobin concentrations
1,3 and 5 mM measured at 37 °C and pH 6.
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was 1 mM and its total heme concentration was 2 mM.
IThe ratio of methemoglobin over hemoglobin was 1. All other soluItions were prepared in this way. The quantity of methemoglobin
I
added was kept constant and the change in the ratio of methemoglobin/
hemoglobin was made by changing the amount of hemoglobin. For exIample, for a ratio of 0.5, 75 /*1 of methemoglobin and 150 fi\ of
hemoglobin were added to 1.275 ml of buffer and for a ratio of 0.05,
I 75 jil of methemoglobin was added to 1.425 ml of hemoglobin. For

I
I
I preparation of solutions containing 3 and 5 mM methemoglobin, the
I methemoglobin volume was multiplied by 3 and 5 respectively. As an
I example, 225 jtl ofmethemoglobin and 225 ii\ofhemoglobin were added
I to 1.050 ml of buffer to prepare a solution containing 3 mm
I methemoglobin and a methemoglobin/hemoglobin ratio of 1. Ifthe
I concentrations of the stock solution of methemoglobin and hemoglobin
I were not exactly 20 mM, the volumes were adjusted to meet the condi-

'

tions. Inorder to carry out the reduction reaction, 200 /*1 of the mixture (pre-warmed at 37 °C) was mixed with 10
of the purified reductase, 10 fi\ of cytochrome b, and 10 fi\ of freshly prepared NADH (25
mg/ml). The mixture was placed in a 0.1 cm light path cuvette and placed
in a double beam Beckman spectrophotometer (with temperature control) and the rate of reduction was followed by the decrease of light
absorbtion at 631 nm. Experiments were performed in triplicate and
the average reduction rate was determined. The reduction rate of the
solution with 1 mM methemoglobin concentration and no oxyhemoglobin was taken as 100 percent and all other rates were expressed
as percentage of this rate.
RESULTS AND DISCUSSION

Methemoglobin reduction by NADH-dependent methemoglobin
reductase was observed for 3 different methemoglobin concentrations,
i.e., 1, 3 and 5 mM at pH 6. These data are presented in Table 1. The
methemoglobin concentration which varied 5-fold in these experiments
did not affect the rate of reduction. On the contrary the presence of
oxyhemoglobin inhibited the methemoglobin reduction. Increase in the
of oxyhemoglobin, increased the inhibition of
(hemoglobin reduction rate.
Itis to be emphasized that the absolute concentration of methemoibin in these solutions did not vary for each set of experiments
:ording to the procedure. The linear relationship between the inhibin of the reduction and the presence of oxyhemoglobin is depicted
Figure 1. When organic phosphate (1HP) was added, (IHP/
themoglobin = 1), the reduction inhibition by oxyhemoglobin reined unchanged (not shown here).
several methemoglobin reducing systems in the red cell, the
VDH-dependent methemoglobin reductase assumes a major role
ultquist, 1978). This system functions more efficiently with the paripation of NADH than with NADPH in its stead (Hultquist et al.,
34). Also factors such as pH, organic phosphates, and the presence

Bicentration

I|\mong

Figure 1. Relationship between methemoglobin reduction rate and the
metHb/oxyHb ratio at three methemoglobin concentrations.

of oxyhemoglobin are known to alter the rate of methemoglobin reduction (Mansouri, 1979). This study resulted in the finding that the concentration of oxyhemoglobin influences the rate of methemoglobin
reduction. When 95 percent of the total hemeprotein is comprised of
oxyhemoglobin, the rate of methemoglobin reduction is only 7 percent
of the reduction rate in a sample which has no oxyhemoglobin. The
reduction rate decreases to about 5 percent in the red blood cell where
oxyhemoglobin concentration is about 99 percent of the total heme protein. However, itis observed that the absolute amount of oxyhemoglobin
is of less importance than methemoglobin to oxyhemoglobin ratio in
its effect on methemoglobin reduction. Organic phosphates which in
low concentrations accelerate the methemoglobin reduction, do not alter
the inhibitory effect of oxyhemoglobin.
The concentrations of cytochrome b, and methemoglobin in the red
blood cell are known and are below their Km values (Kuma, 1981).
Since the concentration of cytochrome b5 and the reductase are constant, it can be assumed that increase in the concentration of
methemoglobin in the red cell drives the reaction towards methemoglobin
reduction regardless ofredox potentials of proteins involved. Hultquist
et al. (1984) reported that there is methemoglobin-eytochrome b< complex formation during the reduction reaction. This formation of the
complex may be independent of the oxidation state of heme iron. For
this reason oxyhemoglobin can exert inhibitory effect on the
methemoglobin reduction by competing with methemoglobin for
cytochrome b,.

In conclusion, the ratio of methemoglobin to oxyhemoglobin determines the rate of methemoglobin reduction when the conentration of
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methemoglobin is significantly increased, as observed in this in vitro
study. Whether this statement holds also true for in vivo situation has
to be borne out by further study.
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